The purpose of this study is to evaluate the efficacy and safety of ticagrelor and clopidogrel in patients with acute coronary syndrome undergoing coronary artery bypass graft surgery (CABG), as a post-randomization strategy.
Background
Ticagrelor is a novel, reversibly binding, oral, direct-acting P2Y 12 -receptor antagonist. In the PLATO (Platelet Inhibition and Patient Outcomes) trial, which randomized 18,624 patients with acute coronary syndromes, ticagrelor compared with clopidogrel significantly reduced the risk of the primary composite end point of cardiovascular (CV) death, myocardial infarction, or stroke (hazard ratio [HR] : 0.84; 95% confidence interval [CI] : 0.77 to 0.92; p Ͻ 0.001). This report investigated the outcomes of patients treated with CABG during the trial.
Methods
In total, 1,899 patients underwent CABG post-randomization. The protocol recommended ticagrelor/placebo to be withheld for 24 to 72 h and clopidogrel/placebo for 5 days preoperatively. In all, 1,261 patients underwent CABG and were receiving study drug treatment Ͻ7 days before surgery. The statistical analysis was based on events occurring from the CABG procedure until the end of the study, excluding 3 patients with CABG after study end.
Results
In the 1,261 patient cohort, the relative reduction of primary composite end point at 12 months (10.6% [66 of 629] with ticagrelor versus 13.1% [79 of 629] with clopidogrel; HR: 0.84; 95% CI: 0.60 to 1.16; p ϭ 0.29) was consistent with the results of the whole trial. Total mortality was reduced from 9.7% (58 of 629) to 4.7% (29 of 629; HR: 0.49; 95% CI: 0.32 to 0.77; p Ͻ 0.01), CV death from 7.9% (47 of 629) to 4.1% (25 of 629; HR: 0.52; 95% CI: 0.32 to 0.85; p Ͻ 0.01), and non-CV death numerically from 2.0% to 0.7% (p ϭ 0.07). There was no significant difference in CABG-related major bleeding between the randomized treatments.
Conclusions
In the subgroup of patients undergoing CABG within 7 days after the last study drug intake, ticagrelor compared with clopidogrel was associated with a substantial reduction in total and CV mortality without excess risk of CABG-related bleeding. The currently recommended dual antiplatelet treatment of patients with acute coronary syndrome (ACS) or stenting reduces the risk of major adverse ischemic cardiovascular events (1-3) but simultaneously increases the risk of bleeding complications at interventional procedures, for example, coronary artery bypass graft surgery (CABG) (4, 5) . Al-though recent international guidelines recommend the early start of dual antiplatelet therapy with aspirin and a thienopyridine for patients with acute coronary syndromes, this strategy is controversial because of the excess risk of bleeding complications in patients undergoing urgent bypass surgery (6, 7) . The currently used combination of aspirin and thienopyridine (clopidogrel or prasugrel) provides irreversible platelet inhibition with recovery of platelet function after 5 to 7 days by the production of new platelets. Ticagrelor, the first reversibly binding, direct-acting oral P2Y 12 receptor antagonist leads to greater and more consistent P2Y 12 inhibition than clopidogrel, with more rapid onset and offset of P2Y 12 inhibition than clopidogrel (8 -12) . For patients with a need of CABG surgery, the interval after cessation of P2Y 12 inhibition might there-
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fore be shortened to 2 to 3 days with ticagrelor rather than the 5 to 7 days recommended with clopidogrel and/or prasugrel. The PLATO (Platelet Inhibition and Patient Outcomes) trial found that ticagrelor was superior to clopidogrel for the prevention of cardiovascular and total death, myocardial infarction (MI), and stent thrombosis without an increase in major bleeding in a population with ACS (13) . Among the 18,624 patients included in the main PLATO trial, 10.2% (n ϭ 1,899) underwent CABG at any time during the trial after randomization, and 6.8% (n ϭ 1,261) had CABG within 7 days after discontinuation of study treatment. The objective of this post-randomization analysis was to investigate the efficacy and safety outcome in this subgroup of PLATO study.
Methods
The PLATO trial (NCT00391872) was an international, prospective, randomized, double-blind, double-dummy, event-driven study of 18,624 patients hospitalized for either acute ST-segment elevation ACS with an intention for primary percutaneous coronary intervention (PCI) or non-ST-segment elevation ACS, managed invasively or medically. Details of the study design, population, and outcomes have been published previously (14) . In brief, patients were randomly assigned to treatment with either ticagrelor or clopidogrel within 24 h of onset of the most recent cardiac ischemic symptoms and before PCI. Ticagrelor-assigned patients received a 180-mg loading dose followed by a maintenance dose of 90 mg twice daily (bid). Clopidogreltreated patients not already receiving a loading dose of open-label clopidogrel or who had not been taking clopidogrel or ticlopidine for Ն5 days before randomization, received a loading dose of 300 mg, followed by a maintenance dose of 75 mg once daily. The remaining patients received the 75-mg daily maintenance dose of clopidogrel as their first dose. Patients undergoing PCI received 1) an additional 90-mg dose of ticagrelor/placebo at procedures Ͼ24 h after randomization, and 2) at the discretion of the investigator, an additional 300 mg clopidogrel/placebo at any time relative to randomization. All patients received a dose of acetylsalicylic acid (ASA) 75 to 100 mg per day unless intolerant. For patients not previously receiving ASA, a loading dose of 325 mg was preferred (although a dose of 160 to 500 mg was allowed). After stent placement, an ASA dose up to 325 mg daily was allowed for as long as 6 months, and the low dose used thereafter. Randomized treatment continued for 6 to 12 months.
For patients undergoing coronary artery bypass graft surgery (CABG), it was recommended that the study drugs would be withheld before surgery, 5 days for clopidogrel study drug and 24 to 72 h for ticagrelor study drug, while maintaining study blind. It was also recommended that the study drug be restarted as soon as possible after surgery and before discharge. Events. The detailed definitions of efficacy and safety outcome events have been previously presented (14) . Death from vascular causes included cardiovascular death, cerebrovascular death, and any death without noncardiovascular cause. Myocardial infarction was defined in accordance with the recently proposed universal definition (15) . Periprocedural MI within 24 h after CABG was defined as either: 1) creatine kinase-myocardial band (CK-MB) Ն5 times local or central laboratory upper limit of normal (ULN), and, if the pre-CABG CK-MB was more than the ULN, both an increase by at least 50% over the previous value and documentation that CK-MB was decreasing before the suspected recurrent MI and development of new pathological Q waves on the electrocardiogram (no symptoms are required); or 2) CK-MB Ն10 times local or central laboratory ULN and, if the pre-CABG CK-MB was more than the ULN, both an increase by at least 50% over the previous value and documentation that CK-MB was decreasing before the suspected recurrent MI (with or without Q waves; no symptoms are required). Stroke was defined as focal loss of neurological function caused by an ischemic or hemorrhagic event with residual symptoms lasting at least 24 h or leading to death.
The primary safety end point was PLATO study defined total major bleeding (13, 14) . Major life-threatening bleeding was defined as fatal bleeding, intracranial bleeding, intrapericardial bleeding with cardiac tamponade, hypovolemic shock or severe hypotension due to bleeding requiring pressors or surgery, a fall in hemoglobin of 50 g/l (3.1 mmol/l) or greater, or need for transfusion of at least 4 units of red blood cells. We defined other major bleeding as significantly disabling (such as intraocular bleeding with An independent central adjudication committee adjudicated all suspected primary and secondary efficacy end points as well as major and minor bleeding events, and in addition, all patients with CABG were adjudicated concerning occurrence of any of these outcome events. Statistics. The primary efficacy end point was time from CABG to first occurrence of any event from the composite of death from vascular causes, MI, or stroke. Other efficacy end points were the individual components of the primary end point, all-cause mortality, and CABG-related mortality. The primary safety end point was time from CABG to the first occurrence of any major bleeding event. The efficacy analyses comprised all patients who were randomized to study treatment and underwent a CABG with last intake of study drug within 7 days before surgery; events occurring after end of trial, withdrawal of consent, or last contact with the patient were censored. The safety analyses on bleeding comprised all patients who were randomized to study treatment and underwent CABG with intake of study drug within 7 days before surgery, with censoring of events occurring Ͼ7 days after permanently stopping study medication. Baseline characteristics and procedures in hospital or at discharge were compared between treatment groups with the use of either Fisher's exact (categorical variables) or Wilcoxon rank-sum test (continuous variables). A Cox proportional hazards model, with a factor for treatment group, was used to analyze time-to-event end points. Fisher's exact test was used to analyze binary end points. The consistency of effects with regard to the timing of stop of study drug before CABG was analyzed with an interaction effect model based on either Cox proportional hazards model (time-to-event outcomes) or a logistic regression model (binary outcomes). A p value Ͻ0.05 was regarded as statistically significant. No adjustment for multiplicity was performed. All analyses were done with SAS software (version 9.2, SAS Institute, Cary, North Carolina).
Results
Overall, 18 624 patients with ACS from 862 centers in 43 countries between October 2006 and July 2008 were randomized in the trial. Of these, 1,899 (10.2%) patients underwent CABG during the trial, 1,849 (9.9%) received at least 1 dose of study drug, and 1,584 (8.5%) had CABG between first and last intake of study drug (study drug stopped at any time before CABG, even remotely). A total of 1,261 (6.8%) patients underwent CABG with last intake of study drug within 7 days before surgery ( Fig. 1) , of which 632 patients received ticagrelor and 629 patients received clopidogrel and constituted the patient population in this study. Three ticagrelor patients were excluded as they had missing values for the efficacy end points because the CABG was performed after the censoring date at 12 months.
The 2 treatment groups were balanced with regard to baseline characteristics, in-hospital treatments, and procedures (Tables 1 and 2 ). Median age was 64 years, and 21% were women. Previous PCI and CABG was noted in 10.4% and 1.5%, respectively. Chronic renal disease occurred in 4.8%. Almost all patients (94%) were receiving aspirin before randomization. Open-label clopidogrel pre-randomization (any dose) had been used in 46.5% of ticagrelor-treated patients and in 44.2% of clopidogrel-treated patients (Table 3) . Of patients receiving both open-label clopidogrel and clopidogrel/placebo, 82% had received 300 mg and 18%, 600 mg, respectively. The randomized treatment was given for a median duration of 224 days. A majority of the CABG procedures (57%) were performed during the initial hospitalization. As illustrated in Figure 2 , most procedures were undertaken within the first 60 days. When invasive treatment was planned at study entry, CABG was performed earlier. However, across the whole study period, at least as many patients in the group with "planned noninvasive strategy" as with "planned invasive strategy" ultimately underwent CABG. The time to CABG after randomization did not differ between ticagrelor-and clopidogrel-treated patients (hazard ratio [HR]: 0.96; 95% confidence interval [CI]: 0.87 to 1.05; p ϭ 0.36). Of all CABG procedures, 95% were without valve replacement and 91% included the target vessel of index event. The number of grafts were 0 in 3 (0.2%), 1 or 2 in 391 (31%), 3 or 4 in 754 (60%), and Ն5 in 100 (8%) patients. In the ticagrelor group, investigational treatment was discontinued within the first 2 days in 190 (30.1%) patients, within 3 to 5 days in 277 (43.8%), and for Ͼ5 days in 165 (26.1%), before surgery. Corresponding numbers for patients in the clopidogrel group were 174 (27.7%), 338 (37.9%), and 217 (34.5%). Study drugs were restarted within 7 days in 57% and in 84% within 14 days post-CABG, with no difference between the treatment groups. Efficacy outcomes among patients undergoing CABG. The occurrence of the primary end point (CV death, MI, or stroke) with ticagrelor compared with clopidogrel from CABG and onward was 10.6% versus 13.1% (HR: 0.84; 95% CI: 0.60 to 1.16; p ϭ 0.29) ( 
Results From the PLATO Trial or stroke at or after CABG did not differ between the 2 treatment groups. The difference in the composite outcome was driven by a reduction in CV death from 7.9% (47 of 629) for clopidogrel, to 4.1% (25 of 631) for ticagrelor (HR: 0.52; 95% CI: 0.32 to 0.85; p Ͻ 0.01) ( Table 4 , Fig. 3B ).
Total mortality in association with or after CABG was reduced from 9.7% (58 of 629) to 4.7% (29 of 629; HR: 0.49; 95% CI: 0.32 to 0.77; p Ͻ 0.01) ( Table 4 , Fig. 3A) . Also non-CV death was numerically reduced from 2.0% to 0.7% (HR: 0.35; 95% CI: 0.11 to 1.11; p ϭ 0.07). There was no significant treatment by subgroup interaction for the outcomes of: 1) the primary efficacy composite; and 2) total; or 3) CV mortality for the following subgroups: open-label clopidogrel before randomization, hypertension, diabetes mellitus, smoking, dyslipidemia, or age Ͼ75 years or Ͻ75 years, weight Ͼ60 or Ͻ60 kg or Ͻ80 or Ͼ80 kg, or waist Ͼ100 cm or Ͻ100 cm. For sex, p values for interaction were Ͻ0.01 for total mortality and Ͻ0.05 for CV mortality, but not significant for the primary composite. The hazard ratios for total mortality were 0.29 (95% CI: 0.16 to 0.55) and 1.16 (95% CI: 0.59 to 2.31) for males and females, respectively. The hazard ratios for CV mortality were 0.32 (95% CI: 0.16 to 0.63) and 1.15 (95% CI: 0.56 to 2.39) for males and females, respectively. A sensitivity analysis of the total CABG population (n ϭ 1,899), showed consistent results with the study population. The reduction in total mortality in association with or after CABG, was reduced from 8.4% to 5.0% (HR: 0.60; 95% CI: 0.42 to 0.87; p Ͻ 0.01), and CV death was decreased from 6.8% to 4.1% (HR: 0.61; 95% CI: 0.41 to 0.92; p Ͻ 0.05). Post-CABG mortality in relation to time from last study drug before surgery. In a further exploratory hypothesisgenerating analysis, total and CV mortality post-CABG were analyzed in relation to days from last intake of study drugs before CABG surgery, as shown in Figure 4 . The p value for interaction was of borderline significance (p ϭ 0.06) for total mortality overall. There was no mortality difference between ticagrelor and clopidogrel when last intake was 1 day or less. However, if last intake of study drug was 2, 3, or 4 days before surgery, there were significant reductions in total mortality. When grouping into time intervals of last intake of study drugs, stopping 1 to 4 days before CABG, total mortality was 3.4% versus 15 There was no difference in CABG-related hemoglobin drop Ͼ50 g/l occurring in 228 (36%) in the respective clopidogrel group versus 241 (38%) in the ticagrelor group, nor in any transfusion within 7 days of the CABG that was given in 351 (56%) patients versus 349 (55%) patients, respectively. Neither was there any difference in CABGrelated bleeds leading to transfusion of Ͼ4 U of blood as noted in, respectively, 102 (16.2%) patients versus 113 (17.9%) patients. Furthermore, there was no difference in transfusion of platelets or fresh frozen plasma observed. Reoperation due to bleeding was infrequent and occurred in 21 (3.3%) patients assigned to clopidogrel and in 25 (4.0%) patients receiving ticagrelor. Chest tube drainage of Ͼ2 l was also rare but did not differ between the treatment groups ( Table 5 ). None of the various bleeding definition rates differed between the ticagrelor group and the clopidogrel group regardless of intake of open-label clopidogrel pre-randomization (p ϭ 0.80 for interaction).
Sensitivity analyses of the safety population (n ϭ 1,584) found consistent results, with no difference in bleeding rate between ticagrelor and clopidogrel for any of the lifethreatening/major or minor bleeding definitions.
Post-CABG bleeding in relation to time from last study drug before surgery. There was no difference in PLATO study major/fatal/life-threatening CABG-related bleeding or GUSTO study severe bleeds between ticagrelor and clopidogrel, with respect to time from last intake of study drug before surgery, not even when the drug was stopped 1 day before surgery (Table 6 ) (p ϭ 0.76 for interaction). Chest tube drainage measured over 24 h did not differ between treatment groups for any of 7 intervals between cessation of study drug and CABG (Fig. 5) , either by total milliliters of drainage or by percentage of patients with at least 500 ml of drainage. Treatment groups also did not differ in the decrease in hemoglobin concentration adjusted for red cell transfusion for any of the 7 intervals (Fig. 6 ). Figure 6 indicates less impact of perioperative bleeding on hemoglobin concentration when the interval is at least 5 days.
Discussion
The current analysis showed that among patients initially treated for ACS and subsequently undergoing CABG with last intake of study drug within 7 days before surgery, ticagrelor compared with clopidogrel was associated with around a halving in total and CV mortality without any change in the risk of CABG-related bleeding. The absolute reduction in total mortality was 5.0% per year, and for CV mortality, 3.8% per year.
In the total PLATO trial, there was a significant 22% relative and 1.4% per year absolute reduction in total mortality. Thus, the lower mortality for patients treated with CABG is consistent with the overall trial results, although more pronounced. The current analysis also indicated a relationship between CABG mortality and the time of last intake of study drug before surgery. Thus, there might be a special hazard associated with a remaining effect of clopidogrel in association with surgery. The reasons for the higher mortality in the clopidogrel group were, however, not related to bleeding complications. This lack of relationship might be in accordance with a recent registry study in which there was no significant increase in risk of bleeds or reoperaOutcome After Coronary Artery Bypass Graft Surgery in the Study Population 
tions when clopidogrel treatment was stopped Ͻ5 days before CABG (16) . Also, the findings from the CABG subgroup in the ACUITY (Acute Catheterization and Urgent Intervention Triage Strategy) trial are consistent, with lack of increase in bleeding regardless of upstream clopidogrel, although the transfusion rate was higher among patients whose clopidogrel was stopped Ͻ5 days before CABG (17) . In our study, the time of stopping ticagrelor and clopidogrel before surgery affected the mortality rate, and especially in the time window between 1 and 4 days. The excess of fatalities in the current study may have been caused by other cardiovascular events, for example, arrhythmia/sudden death and heart failure, and also by noncardiovascular events, such as infections or sepsis. The more frequent occurrence of sepsis at surgery in clopidogreltreated patients has previously been reported (18) as a potential hazard that might be contributing to worsening in outcomes also at CABG. CABG differs from other major surgery in that it includes full heparinization therapy, platelet dysfunction from the pump, and fibrinolysis, factors that all impact the risk of bleeding (19) . It is therefore not possible to extrapolate bleeding risk to other forms of major surgery. Despite the more intense platelet inhibition by ticagrelor and the shorter treatment-free interval before CABG, there was no significant difference in the rate of major/ life-threatening bleeding/fatal bleeding at surgery, or in chest tube drainage, reoperation due to bleeding, or hemoglobin concentrations adjusted for red cell transfu- Held et al. February 8, 2011:672-84 Results From the PLATO Trial Bleeding Complications During and After CABG Tables 2 and 4. sions. Bleeding around CABG is frequent, and a decrease in hemoglobin Ͼ30 g/l or blood transfusions commonly occur. Because of the rigorous application of the bleeding definitions in the PLATO study, the criteria for major bleeding were fulfilled in Ͼ80% of the CABG-treated patients. However, despite thorough analyses of the occurrence of bleeding by a vast number of bleeding definitions, there appeared no significant difference in rate of CABG-associated bleeding between clopidogrel and ticagrelor. Also, the reoperation rates were similar. Values are number of events (%). *Percent (%) is the rate of the end point: (number of events divided by n of group per level of characteristic) times 100%. †Characteristic: Յ1 day is 0 to Յ24 h, 1 to 2 days is Ͼ24 h to Յ48 h, and so forth. ‡Odds ratio and p value from logistic regression. Abbreviations as in Tables 2, 4 , and 5.
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The lack of difference in bleeding, when using the more potent direct and reversible P2Y 12 inhibitor ticagrelor as compared with clopidogrel, still might indicate a relatively lower risk of bleeding in relation to platelet activity at CABG. This is in contrast to the comparison of prasugrel, the indirect and potent P2Y 12 inhibitor, with clopidogrel in the TRITON (Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition With Prasugrel) study (20) , inducing a fourfold higher rate of major bleeding among patients undergoing CABG. However, also in the TRITON trial, there were more fatalities after CABG in patients assigned to clopidogrel than to prasugrel. The PLATO trial allowed patients already on treatment with clopidogrel to be randomized into the trial, leading to that almost one-half of patients in both groups were pre-treated with clopidogrel at entry in the trial. However, open-label clopidogrel did not affect the efficacy or safety results, since no significant interaction was observed. The halving in mortality by using ticagrelor instead of clopidogrel in association with CABG was striking and also explained about a quarter of the mortality reduction in the whole trial. The finding that the excess mortality with clopidogrel was unrelated to differences in the rates of bleeding raises the suspicion that clopidogrel treatment might be associated with other specific risks in association with major surgery. These observations might have relations to the lack of any significant mortality benefits despite striking reductions in the rate of myocardial infarction in the major studies comparing clopidogrel with placebo in ACS (20 -22) . Study limitations. The current study is a retrospective analysis of a nonrandomized subgroup of a large prospective randomized trial, and therefore provides exploratory information concerning the findings. The formal adjudication of causes of deaths in the main study distinguished between death from vascular and nonvascular causes, but a further subcategorization was not performed.
Conclusions
In ACS patients needing CABG during dual antiplatelet treatment, ticagrelor as compared with clopidogrel reduces CV and total death without an increase in major bleeding.
